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Caffeine is probably the most widely used pharmacologically active substance in the world, 29
and its influence on human health has been studied and discussed extensively (Committee 30 Although caffeine is found in a number of foods, it is most frequently consumed in coffee, 38 tea and cola beverages (Frary et al. 2005) . It is recognised that beverages with caffeine as a 39 natural component will have a wide range of caffeine levels. These variances are likely the 40 result of many factors which include the species of plant origin (Mazzafera and Silvarolla 41 2010), growing environment, effects of commercial processing and storage along with 42 variances at the retail level such as amount of coffee or tea used, the extraction method (e.g.
A c c e p t e d
M a n u s c r i p t
JFCA-D-12-00128
Desbrow et al.
4
Given the natural variation in caffeine content of coffee, the increasing national popularity 67 of coffee consumption (in all its forms) (ABS 2007) and the current food labelling 68 regulations (Australian manufacturers are not required to state caffeine concentrations on 69 products with naturally occurring caffeine (FSANZ 2010) there is a need to have accurate 70 and independent information on the caffeine content of common coffee beverages. 71
Therefore the aims of this study were to a) broaden the geographical spread of espresso 72 coffee samples collected within Australia; b) describe the extent of caffeine variance 73 occurring when the same espresso brand is purchased at different locations (intra-drink 74 variance); and c) to quantify the caffeine content of popular commercially prepared coffee- 
Study Design 84
A cross-section of "Espresso/short black" coffee and coffee-flavoured milk samples were 85 purchased. Hot espresso coffees were collected using convenience cluster sampling across 86 four major cities. Cold coffee-flavoured milks were collected from national groceryA c c e p t e d M a n u s c r i p t
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Sample Collection 89
Espresso Samples: A single "Take-away Espresso/short black" coffee sample was 90 purchased from retail vendors housing an espresso machine. The original data sample 91 included 97 espressos collected on the Gold Coast (Desbrow et al 2007 ). An additional 34 92 samples were subsequently collected using the same sampling method from retail outlets in 93 the central business districts of Brisbane (n=10), Sydney (n=10) and Melbourne (n=14). 94
Briefly, the samples were served in the vendors' own cups and subsequently decanted into 95 vials that were chilled then weighed and volume determined prior to freezing and 96 subsequent caffeine analysis. To standardise the sampling method, the researchers, if asked, 97 would indicate "single shot" espressos, otherwise no further instruction was provided. The 98 rationale for only collecting espresso coffee was that it limits many variables (e.g. serving 99
size, milk, plain water, sugar etc) in the coffee making procedure and that the espresso 100 "shot" often forms the basis of many other types of retail coffee (e.g. lattes, cappuccinos 101 etc) and therefore the caffeine dose found in an espresso will be equal to (if not less than) 102 those found in larger beverages. The run buffer consisted of SDS (25 mM) and disodium tetraborate (12.5 mM, pH 9.2). 132
The test sample was loaded under a pressure of 0.5 psi for 5 seconds and the instrument 133 operated at 20 kV and 27 degrees C. Analytical quality control included the analysis of 
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public health concern is that the remaining five samples contained concentrations of 205 caffeine approaching (or exceeding) the upper limit of caffeine permissible within 206 Australian formulated energy drinks (i.e. 32 mg/100mL) (FSANZ 2010) . Given that these 207 coffee beverages are served in large volumes (≤500 ml) they represent a significant caffeine 208 source that may not be recognised as such by inadvertent consumers or their guardians. 209
It appears that the production of commercial coffee-flavoured milks produces substantially 210 less intra-drink caffeine variance (average CV 8.4%) than commercial espresso coffee. This 211 result is not surprising and most likely reflects the reduction in methodological variables 212 associated with mass-scale coffee production. However, despite this relatively small day-213 to-day variance in caffeine content, manufacturers of coffee-flavoured milks were typically 214 poor at reporting (usually underestimating) the caffeine content of their drinks. Eight (40%) 215 of the drinks contained more caffeine than could be explained by the CV of that beverage 216 when purchased on three separate occasions. Five (25%) drinks contain more caffeine than 217 the maximum 19% CV observed by the most "inconsistent" drink sampled. Taken 218 collectively, some coffee-flavoured milks provide the potential for consistently high 219 caffeine exposures to unwitting consumers. Consequently it is our recommendation that 220 coffee-flavoured milk beverages be required to conform to the same labelling requirements 221 as those required for formulated energy drinks. This change would increase consumer 222 capacity to make informed choices regarding the caffeine content of beverages and for the 223 accuracy of the such labelling to be regulated by independent authorities. 224
Of further public health concern is the potential for exposure to higher than recommended 225 amounts of caffeine in vulnerable population groups (e.g., reproductive-age women and 226 children). In an environment of uncertainty regarding the effects of caffeine on health theA c c e p t e d M a n u s c r i p t
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that it is difficult for health care professionals to provide any reliable advice other than to 229 "abstain, drink decaffeinated beverages or have no more than one caffeinated retail ground 230 coffee per day" if, for example, they wish to ensure their pregnant clients stay below a level 231 of 300 mg/day of caffeine (Nawrot et al 2003) , or when providing advice to parents for 232 children to "avoid cold iced coffee beverages" if they wish to keep caffeine intakes ≤2.5 233 mg/kg body weight as is also recommended (Nawrot et al 2003) . 
